Le Bon O, Linkowski P. Absence of systematic relationships between REMS duration episodes and spectral power Delta and Ultra-Slow bands in contiguous NREMS episodes in healthy humans. J Neurophysiol 110: 162-169, 2013. First published April 17, 2013 doi:10.1152/jn.00020.2013.-Previous studies in animals and humans have reported correlations between the durations of rapid eye movement sleep (REMS) episodes and immediately preceding or subsequent non-REMS (NREMS) episodes. The relationship between these two types of sleep is a crucial component in understanding the regulation and neurophysiology of ultradian alternations that occur during sleep. Although the present study replicated previous studies, we also measured NREMS in terms of spectral power Delta and Ultra-Slow bands in addition to duration in examining correlations. The spectral power Delta band, also known as slow-wave activity, measures sleep quantity and is believed to reflect sleep physiology better than mere episode durations. The Ultra-Slow spectral power band was analyzed in parallel. Healthy human participants of both sexes (n ϭ 26, age range 15-45 yr, n ϭ 12 female) were carefully selected to participate in two consecutive series of home polysomnograms performed after 2 nights of habituation to the equipment. In the analyses, REMS episode durations (minutes) were compared with immediately preceding and immediately subsequent NREMS episodes (Delta and Ultra-Slow power) in each sleep cycle. REMS episode duration was more strongly correlated with preceding NREMS episodes than with subsequent NREMS episodes. However, in most cases, no correlations were observed in either direction. One ultradian sleep regulation hypothesis, which is based on stronger correlations between REMS and subsequent NREMS episode durations, holds that the main purpose of REMS is to reactivate NREMS during each sleep cycle. The present results do not support that hypothesis.
HEALTHY ADULT HUMAN SLEEP is characterized by the irregular alternation of two clearly distinguishable states: rapid eye movement sleep (REMS) and non-REMS (NREMS). The first sleep episode in a normal night is always an NREMS episode. Two to six alternations (or "cycles") occur within 6 -8 h; then, the participant awakens from either REMS or NREMS. The durations of both NREMS and REMS are highly variable, and more variability is introduced by awakenings of variable duration during the night, typically during NREMS.
The physiological reasons why we spend so much time sleeping (and even whether we actually need sleep at all) remain largely unexplained. Thus we are still far from creating useful mathematical models that can determine, for example, how much sleep a particular individual needs. It is even more puzzling that most homeothermic animals experience two different kinds of sleep. The mechanisms that govern alternations between these two sleep states are still issues of serious debate. Our present understanding of sleep function does not include sufficient data to infer the mechanisms of sleep cycling; thus we continue to analyze indirect evidence. A better understanding of the mechanisms that regulate sleep would most likely provide clues to the functions of sleep.
Several hypotheses have attempted to explain alternations in sleep states. The most popular theory is that NREMS waxes and wanes spontaneously, and the troughs allow the expression of REMS (Feinberg 1974; Feinberg and March 1988; Horne 2000; Preud'homme et al. 2008) . Another theory considers REMS to be the instigator of cycling, interrupting an NREMS that would not display a cyclicity of its own (Le Bon et al. 2002 Bon et al. , 2005 Bon et al. , 2007 Bon et al. , 2009a Bon et al. ,b, 2012 Vivaldi et al. 1994) . A third theory hypothesizes a cyclical command signal that gives rise to NREMS and REMS cycling Massaquoi and McCarley 1992; McCarley and Hobson 1975) . A fourth theory, the hypothesis that we address in the present study, posits that the main function of REMS is to reactivate NREMS, which would be spontaneously exhausted at the end of each NREMS episode (Benington and Heller 1994a,b; Feinberg 1990 ).
This hypothesis that REMS emerges through the spontaneous waning of NREMS was first formulated by Feinberg (1974) and suggested "the function of sleep with rapid eye movements is to provide a substrate or co-factor required to promote maximal occurrence of sleep with slow waves." Benington and Heller (1994a,b) developed this hypothesis further, as correlations were observed between REMS and the durations of immediately subsequent NREMS episodes in several species. Correlations were predominantly observed between the durations of REMS episodes and those of subsequent NREMS episodes (Table 1) . However, it must be noted that several studies also revealed correlations between the durations of REMS episodes and those of preceding NREMS episodes.
No previous study has investigated the intensity (spectral power content) of the NREMS cycle relative to REMS episode duration. This is important because duration measures only one dimension of sleep (time) and does not assess sleep depth (intensity). We reasoned that the inconsistency of findings among previous studies may have been caused by the failure to analyze sleep intensity. The combination of duration and intensity provides an estimate of the sleep episode quantity. Power spectral analysis of the lower frequencies of sleep (Delta power) has been shown to provide information on sleep intensity during NREMS but not during REMS episodes (Borbély et al. 1981; Friedman et al. 1979) . Ultra-Slow power has been far less studied but might provide a better reflection of the physiological processes underlying sleep restoration than the traditional Delta activity (see DISCUSSION) .
The present study compares REMS episode durations with the Delta and Ultra-Slow power bands of NREMS episodes occurring immediately before or after the REMS episode. Data were analyzed on a cycle-by-cycle basis. The null hypothesis was that no relationship would be present between the duration of a REMS episode and the Delta or Ultra-Slow power of either the preceding or the subsequent NREMS episode.
METHODS
Eighty-four volunteers [mean age 27.8 Ϯ 9.7 (SD) yr; range 15-45 yr; n ϭ 47 female] were recruited by advertisement and paid for participation. Comprehensive screening was performed to ensure selection of individuals with no known existing or previous conditions that might correlate with abnormal sleep. Volunteers first answered by telephone a detailed questionnaire designed to determine sleep history. Those that met questionnaire-based criteria were given a structured interview that included the American Sleep Disorders Association (ASDA 1990) criteria for sleep disorders and the Axis I Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition [DSM-IV, American Psychiatric Association (APA) 1994] criteria for psychiatric diagnoses (except for sleep disorders). The more recent version of the International Classification of Sleep Disorders (ASDA 1997) was not used because it was introduced after this study began.
The criteria for inclusion eligibility were: a regular sleep schedule; no sleep-related complaints or regular naps; a regular weekday work schedule (no shift work) or unemployed; no previous polysomnography; and completion of written informed consent. Eligible individuals could be excluded based on observations during the initial night of polysomnogram recording.
The exclusion criteria were: DSM-IV Axis I disorder; personal or first-degree familial affective disorder; significant somatic condition; excessive daytime sleepiness; report by significant other of periodic limb movements, snoring, or sleep apnea; apnea-hypopnea index (AHI) Ն5 on the initial night of recording; periodic limb-movement episodes on the initial night of recording; routine consumption of Ͼ10 alcoholic beverages (10 g units) per week or consumption of illicit drugs; use of psychotropic drugs within 3 wk before the study; and transmeridian flights or shift work within 4 wk before the study. Participants were asked not to drink alcohol for 1 wk before entering the protocol and to change their life habits as little as possible during the study period.
Written informed consent was obtained from all subjects (in a protocol approved by the Brugmann University Hospital Ethics Committee), and the study was performed according to the Declaration of Helsinki guidelines.
Recordings were performed between Mondays and Fridays to avoid irregular weekend schedules. For each visit, the technician went to the participant's home at ϳ9 PM, explained the procedure, and answered questions. Then, the technician placed on the participant three pairs of EEG electrodes (Fp2-A1, C4-A1, and O2-A1), one pair of electrooculography electrodes, one chin and two inferior limb electromyography electrodes, thoracic and abdominal gauges for recording respiratory movements, and thermoresistors around the mouth and nose. The participant went to bed at the usual time and connected the wires, in a very straightforward procedure, to the sleep analyzer Alice (Respironics, Pittsburgh, PA). When the participant decided to go to sleep, he/she launched the polysomnography and turned out the light. When the participant awoke in the morning, he/she stopped the recording and removed the electrodes. The same sequence was repeated for all study nights.
Recordings were randomly analyzed by one of two well-trained technicians on a 21-in. screen that displayed 30-s polysomnograph epochs. The intertechnician reliability was measured during the study period with classic scoring criteria (Rechtschaffen and Kales 1968) and exceeded 0.90 for all variables.
A spectrogram was computed for all EEG channels. The sampling rate was 100 Hz. Each channel was created by computing the spectrum every 6 s. Each 6-s spectrum was the average of 2 spectra computed on 2 overlapping windows of 5.12 s (1 spanned 0 -5.11 s, and the other 0.88 -5.99 s). The signal was multiplied with a 512-point Bartlett window after suppressing the mean from each point to remove the 0-Hz component. The fast Fourier transform was then applied to estimate spectral power; this was averaged for the two overlapping time segments (dB.V 2 /Hz). The Delta spectral power band spectrum was defined as between 0.8 and 3.9 Hz. The Ultra-Slow power band spectrum was defined as between 0.5 and 0.79 Hz. Only data from central electrodes were analyzed.
The measured variables in the present study were (precise definitions below): 1) durations of the different sleep stages, including NREMS components (N1, N2, and N3), REMS, and intermittent awakenings; 2) durations of NREMS and REMS episodes; 3) Delta and Ultra-Slow power bands of NREMS episodes; 4) quantification of apneic and hypopneic episodes; 5) quantification of periodic limbmovement episodes; and 6) visual estimate of a "skipped first-REMS episode."
An awakening episode was defined as an uninterrupted awakening that lasted for Ͼ5 min. A periodic limb-movement episode was defined as five or more periodic limb movements during an epoch of Ͼ20 s. Each REMS episode began with the first epoch of REMS and ended after the last epoch of REMS, which was followed by Ն15 min of NREMS. An NREMS episode was the time spent between two consecutive REMS episodes or between a REMS episode and either the beginning or end of the night. No other requirement was necessary to define REMS or NREMS episodes, considering that the first REMS episode may be very short. A particular pattern, known as a skipped first-REMS, had been described previously on visual inspection of hypnograms (Dement and Kleitman 1957) . Here, a sharply descending slope in Delta power is followed by a new Delta power surge and Rats ϩ
Cited correlations are between the duration of a rapid eye movement sleep (REMS) episode and the duration of the preceding or the subsequent non-REMS (NREMS) episode.
not by a REMS episode, which would normally be expected. NREMS episodes that contain that pattern are ambiguous because they cannot be described as one or as two NREMS episodes.
In the main series of analyses (see RESULTS), the durations of awakening episodes that occurred within NREMS episodes were subtracted. These durations were included in a second series of analyses. Similarly, epochs of awakening were excluded from the computation of Delta and Ultra-Slow episodes. Cycles including skipped first-REMS episodes were subtracted in a third series of analyses.
The present retrospective study used variables from a database collected earlier, which have formed the basis for previously published reports (Le Bon et al. 2001a Bon et al. ,b, 2002 Bon et al. , 2005 .
Statistics. Because of excessive skewness in the raw data, we used nonparametric analyses. The correlations between continuous variables were evaluated with the Spearman Rho. Hypothesis tests were two-sided and performed at the 5% significance level. All statistics were computed using StatView 5 (SAS Institute, Cary, NC).
RESULTS
Out of 84 respondents to our advertisement, 47 were excluded after the telephone questionnaires and physician interviews for the following reasons: parasomnias (n ϭ 5); irregular sleep schedules (n ϭ 5); restless legs or suspicion of periodic limb movements (n ϭ 7); snoring problems (n ϭ 10); excessive daytime sleepiness (n ϭ 5); anxiety disorders (n ϭ 9); and affective disorders (n ϭ 6). Observations on the 1st night of polysomnography resulted in the exclusion of an additional six participants because of periodic limb movements (n ϭ 2) and apneic/hypopneic indices Ͼ5 (n ϭ 4). Thirty-one participants (36.9%) met inclusion/exclusion criteria and were considered normal, healthy participants. Data from 5 participants were excluded due to technical problems (2 800-megabyte optical disks were seriously damaged during storage for unknown reasons).
Twenty-six participants (mean age 26.7 Ϯ 9.8 yr, range 15-45 yr; n ϭ 12 female) completed all aspects of the study; no missing polysomnography epochs were observed. The index of sleep respiratory disorders in the final group was 2.8/h (SD 1.49), and no episodes of periodic limb movements were observed. Bedtimes were similar for all 4 nights (Le Bon et al. 2001b) . The 2 habituation nights were not analyzed here because spectral power may not have reached steady-state on the 2nd night (Le Bon et al. 2001a ). Eight skipped first-REMS episodes were detected on the 1st night, and three were detected on the 2nd night.
All comparisons were within-subject and within-night. Therefore, there was no need to introduce personal characteristics (e.g., age or sex) as covariates or cofactors. Table 2 shows associations between the durations of REMS episodes and the durations of immediately preceding (NREMS-REMS) or subsequent NREMS (REMS-NREMS) episodes stratified by sleep cycles. The analyses were performed on a nightby-night basis (n ϭ 26). Then, the 2 nights were merged and analyzed as a whole (n ϭ 26 ϫ 2 ϭ 52).
During night 1, NREMS-REMS and REMS-NREMS episode durations were significantly correlated only in cycle 5. During night 2, these correlations were significant in cycle 1 (preceding) and cycle 5 (subsequent). When the 2 nights were analyzed as a whole, only the NREMS-REMS relationship was significant in cycle 1. When all cycles from the Values represent the means for all subjects (night 1, n ϭ 26; night 2, n ϭ 26; nights 1 and 2 is the merging of the 2 nights, n ϭ 52). Bold indicates P Ͻ 0.05. C1-C5, sleep cycles 1-5; n, number of cycles. C1 was an NREMS-REMS cycle when REMS was compared with a preceding NREMS and a REMS-NREMS cycle when REMS was compared with a subsequent NREMS. In the latter case, the 1st NREMS episode was not included in comparisons because it corresponded to the beginning of the night; therefore, there was no preceding REMS episode. Because some nights included only 2, 3, or 4 cycles, fewer cycles were analyzed in C3, C4, and C5. This attrition is not symmetrical because nights can end after a REMS or an NREMS episode.
2 nights were analyzed together, the REMS-NREMS correlation was significant and negative. No systematic pattern of association was observed; some correlations with either preceding or subsequent NREMS durations were weak or negative.
As described in METHODS, we subtracted awakening episodes that occurred during NREMS episodes in the main series of analyses. In a second series of analyses, these awakening episodes were included in the NREMS episodes. The results were very similar to the series presented in Table 2 . No significant differences were observed (data not shown).
Next, the same analyses were performed using NREMS Delta and Ultra-Slow power bands instead of episode durations (Table 3) . Figure 1 contrasts the successive spectral power (Delta and UltraSlow bands) and REMS durations from cycle 1 to 5. We can observe the expected decreasing spectral power per cycle, as well as the increasing duration of REMS, at least in the first three cycles.
Significant correlations were observed with the preceding NREMS episode spectral power (Delta and Ultra-Slow) in cycle 4 (night 1); with preceding NREMS power in cycle 1 and subsequent NREMS spectral power in cycle 5 (night 2); with preceding NREMS spectral power in cycles 1 and 4; and with subsequent Delta NREMS spectral power in cycle 4 (merged nights 1 and 2). A significant positive correlation was observed between REMS durations and preceding NREMS Ultra-Slow spectral power when all cycles were combined ( ϭ 0.164); a significant negative correlation was observed with subsequent Ultra-Slow NREMS spectral power ( ϭ Ϫ0.156). Figure 2 displays these correlations for the Delta power band (merged nights 1 and 2).
In a third series of analyses, the first cycles that contained skipped first-REMS episodes (n ϭ 8 ϩ 3 ϭ 11) were considered outliers. The results were very similar to the series presented in Table 3 , and no significant differences were observed with the main series of analyses (data not shown). Values represent the means for all subjects (same as Table 2 ). Bold indicates P Ͻ 0.05. US, Ultra-Slow power band; Delta, Delta power band. There are more significant correlations with preceding than subsequent NREMS episode spectral power (US and Delta). However, the general pattern is that of absence of systematic preferential relationships, with several cycles demonstrating weak or negative correlations. Different correlation patterns in night 1 vs. night 2 also support this absence of systematization.
Mean Spectral Power per Cycle
(dB·µV 2 /Hz) REMS (min) Fig. 1 . Visual comparison between rapid eye movement sleep (REMS) durations and preceding non-REMS (NREMS) spectral power Ultra-Slow and Delta waves across the 1st 5 NREMS-REMS cycles (C1-C5). Data from nights 1 and 2 have been merged. Please note that nights with more cycles (e.g., C5) will also tend to distribute NREMS among more cycles and will therefore feature a lower NREMS content per cycle, including the 1st NREMS episode.
In addition, nights with more cycles included more REMS episodes. These phenomena distort the comparisons between cycles (Le Bon et al. 2005) .
DISCUSSION
This study included two analyses of sleep patterns: one considered whether NREMS and REMS episode durations were correlated; the other considered whether the depth of the NREMS (Delta and Ultra-Slow) was correlated with the duration of REMS episodes.
The first analysis replicated previous studies (summarized in Table 1 ). The general pattern was one of absence of systematic preferential relationships, with several cycles demonstrating weak correlations or even negative correlations between REMS durations and preceding or subsequent NREMS durations.
These results contradict some of the existing literature on human participants (Barbato and Wehr 1998; Tissot 1966) . In humans, the correlations in previous studies were present (Tissot 1966) or subsequent (right) NREMS episodes. C1 was an NREMS-REMS cycle when REMS was compared with a preceding NREMS and a REMS-NREMS cycle when REMS was compared with a subsequent NREMS. In the latter case, the 1st NREMS episode was not included in comparisons because it corresponded to the beginning of the night; therefore, there was no preceding REMS episode. Because some nights included only 2, 3, or 4 cycles, fewer cycles were analyzed in C3, C4, and C5. This attrition is not symmetrical because nights can end after a REMS or an NREMS episode. ns, Not significant.
in middle-of-the-night cycles (Hartmann 1966) . The significant correlations observed here between REMS episode durations and preceding NREMS episode durations in the first cycle (night 2 and both nights combined) were consistent with one previous report on extended sleep in humans (Barbato and Wehr 1998) . When REMS episode durations were compared with the NREMS Delta power episodes, positive correlations with preceding NREMS Delta power were observed in cycle 4 (night 1); cycle 1 (night 2); and cycles 1 and 4 (both nights combined). Correlations with subsequent NREMS Delta spectral power were observed in cycle 5 (night 2) and cycle 4 (both nights combined). Here, also, the general pattern was one of absence of systematic preferential relationships of REMS durations with preceding or subsequent NREMS episode spectral power.
Adding the awakening episodes to the study using NREMS duration demonstrated a general pattern very similar to the one presented in Table 2 (subtracting these awakening episodes). Also, subtracting cycles, including skipped first-REMS episodes, did not modify the general pattern of absence of systematic preferential relationships (Table 3) . Therefore, these two phenomena appear to be of minor importance to the present matter.
Ultra-Slow waves, also called slow oscillations or lowfrequency oscillations (Ͻ1 Hz), were studied here apart from the general Delta power band. They have been described in anesthetized cats (Steriade et al. 1993 ) and in humans (Achermann and Borbély 1997; Amzica and Steriade 1998) . Ultra-Slow waves are believed to reflect the rhythmic alternation of up and down states that occurs at the cellular level in the neocortex (Steriade et al. 1993) and might better reflect the physiological processes underlying sleep restoration than when studied globally within the traditional definition of Delta activity. They were also recently shown to be reduced in a population with chronic fatigue, whereas Delta waves were not significantly influenced by the diagnosis (Le Bon et al. 2012) . In the present study, Ultra-Slow waves globally behaved in parallel with the Delta wave power band; however, their relationship with REMS durations was significantly positive when all cycles were analyzed together, whereas the relationship with the Delta band was not significant (Table 3) . This finding supports separate analyses for Ultra-Slow waves.
The hypothesis first put forward by Feinberg (1974) , reformulated by Benington and Heller (1994a) , and later included in the "one-stimulus" theory of Feinberg and March (1995) held that REMS episode timing was controlled by the accumulation of REMS propensity during NREMS episodes. This hypothesis relied on the finding that the durations of REMS episodes correlated preferentially with subsequent NREMS episode durations and not with preceding NREMS episode durations. The one-stimulus theory actually combines the hypothesis of privileged relations between REMS and subsequent NREMS episodes with the hypothesis supporting spontaneously waxing and waning Delta power under neuroendocrine control. Although several candidate neurohormones or neuromediators have been analyzed in the literature, none appears to fulfill the conditions thus far. For instance, renin displays cycles that closely parallel Delta spectral power but is not likely to be responsible for their generation precisely because of this simultaneity (Luthringer et al. 1995) .
In the one-stimulus hypothesis, the main function of REMS would be to provide, for example, a substrate or cofactor required to promote a maximal occurrence of slow-wave sleep (a major component of NREMS). REMS would not perform an independent brain function related to waking. This parsimonious hypothesis sees a common regulation for both NREMS and REMS, the latter appearing once the level of Delta power drops below a determined level:
"The single hypothetical stimulus would induce neuronal inhibition, EEG synchrony, and depressed arousal level accompanied by functional deafferentation. The periodic stimuli produce cyclic increases in delta amplitude (or delta power). When the effect of a stimulus pulse wanes, delta integrated amplitude declines. When the decline reaches a critical level, escape from inhibition and partial arousal occur. In the present hypothesis, this escape from the inhibitory NREMS stimulus is REMS. After an interval of REMS, the NREMS stimulus recurs, delta increases, and the process is repeated" (Feinberg and March 1995) .
That the dreaming content is now accepted as fundamentally the same whether the dreamer is awakened from a REMS or an NREMS episode (Cavallero et al. 1990 ) favors that the striking differences between REMS and NREMS observed in hard-wired systems do not affect the neural systems that can influence the quality of the conscious experience. This perspective tends to minimize the differences between NREMS and REMS mental functions.
The present study used Delta and Ultra-Slow power bands for comparisons instead of NREMS durations and certainly did not confirm a strong association between REMS duration and the subsequent NREMS episode Delta or Ultra-Slow power. These results call into question the validity of theories based on REMS-NREMS correlations. Although we observed stronger correlations in the direction of preceding, rather than subsequent, NREMS episodes (both Delta and Ultra-Slow power), the scattergrams in Fig. 2 mostly indicate a general lack of systematization in the preferred direction of associations, negative correlations, and weak correlations and in most cases indicates no association at all. Considering the large number of episodes and cycles analyzed, as well as the careful exclusion of awakenings and skipped first-REMS episodes, this lack of systematization is unlikely to be the result of artifacts.
There are well-known and important discrepancies between what is observed regarding group data (such as here) vs. data from individual nights. Although group data are necessary for statistical comparisons, evidencing global trends and building hypotheses, ideally every individual night should eventually comply with the proposed theoretical models. The existence of a large number of peculiarities in individual nights would play against correlations between contiguous episodes; however, in the present case, the scattergrams from Fig. 2 do not seem to indicate an exaggerated proportion of outliers. The question remains: what is the physiological relevance of grouped trends when local data do not seem to support the hypotheses fully? The answer is probably that the present theories only partially explain what happens during sleep and still need to be refined.
The lack of strong or systematic positive associations between REMS and subsequent NREMS episodes in the present report disfavors the one-stimulus hypothesis. We have previously shown an association between the number of sleep cycles and the duration of REMS (but not of NREMS) episodes in humans (Le Bon et al. 2002) . These links have since been confirmed in mice and rats, which display polyphasic sleep, thus supporting the robustness of this finding. These links favor distinct regulatory mechanisms for REMS and NREMS. They also indicate that the cycling could above all be a REMS property, as proposed in the theory of REMS-instigated cycling (Le Bon et al. 2002 Bon et al. , 2005 Bon et al. , 2007 Bon et al. , 2009a Vivaldi et al. 1994) . A comprehensive proposal of this theory is described in a recent paper (Le Bon 2012) .
Perhaps the association between REMS and the preceding NREMS episode in the first cycle should be singled out. This association was demonstrated here both in the comparison using NREMS duration and in the comparison using spectral power (night 2 and both nights combined). As mentioned above, similar results were observed in another study involving human volunteers (Barbato and Wehr 1998) , and correlations between REMS and the part of NREMS that immediately preceded REMS episodes were also observed in mice (Le Bon et al. 2007 ). For normal human adults, night sleep always begins with an NREMS episode, which indirectly suggests that at least some NREMS must always occur before REMS can be expressed. We speculate that the correlation observed in the first cycle somehow reflects the neurophysiological relationships between the respective launchings of NREMS and REMS at sleep onset. However, we are talking here of NREMS favoring REMS rather than the opposite, as described above.
Healthy humans enjoy a relatively unique consolidated sleeping period. Because sleep timing control mechanisms may differ somewhat in more polyphasic animals, the present results should not automatically be extrapolated to other species. In future animal studies, NREMS intensity could also be compared with REMS intensity [by recording ponto-geniculo-occipital (PGO) spiking, or P waves, for example], something difficult to achieve in humans.
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